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1 CLAIMS 



2 


What is claimed is: 




1 


A SUh^trPltP pnmnricinn* 


4 




a substrate having a recessed area on a surface thereof; and 


5 




a heat sink comprising heat sinl< material deposited within the recesspd arpa tho 

■ w -Mw^wwikwvj will III 1 ii 1^ 1 vw^300C\J Cll CCI| LIlC^ 


6 




heat sink material havina thermal conductlvltv nrpatpr than thArmoi r^r>.r^A^^r.^\x,\w, 
•■wTiiix^ Mi^iiiiai ov^i ivjuuuviiy yic?aicr irian inermai conuuctivity 


7 




of the substrate. 


fi 


2. 


The apparatus of Claim 1, wherein the heat sink has a substantiaiiv fiat curfaro 


9 




substantially flush with the surface of the substrate. 


10 


3. 


I Mc dfjpdrdius OT uiaim 1, runner compnsing a planar optical waveguide formed on 


11 




the substrate and positioned so as to enable ootical counlinn hPtwppn tho nianar 


12 




optical waveguide and an optical device mounted on the suhqtratP in thprmai 


13 




contact with the heat sink. 


14 


4. 


The apparatus of Claim 3, further comDrisinc an ootical dpvirp mm mtori nn tho 


15 




substrate in thermal contact with the heat sink and Dositionpd for nntirai muniinn 


16 




with the planar optical waveguide. 


17 


5. 


The apparatus of Claim 1 , further comprisina an electrical contart formpH nn tho 


18 




substrate and positioned so as to establish electrical continuih/ with an nntirai 

r ^ «w 'wwkMAi^iiwi 1 wiwv/^i IV/CII VA^I llll lUlly Willi dll wL^ilC/al 


19 




device mounted on the substrate in thermal contact with thp hpat cinir 

*iiv#iiiiai iiciwl Willi If IC? 1 Iwdl oirii\. 




6. 


1 ne apparatus OT uiaim 5, further compnsing an optical device mounted on the 


21 




substrate in thermal contact with the heat sink and with electrical continuitv 


22 




established with the electrical contact. . 




7. 


The apparatus of Claim 5, wherein the electrical contact is oositioned on at least a 


24 




portion of the heat sink surface so as to provide thermal contact between the heat 


25 




sink and an optical device mounted on the substrate so as to establish electrical 


26 




continuity with the electrical contact. 


27 


8. 


The apparatus of Claim 7, further comprising solder for establishing electrical 


28 




continuity between the optical device and the electrical contact and thermal contact 


29 




between the optical device and the heat sink. 
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1 9. The apparatus of Claim 1 . wherein the substrate Includes a low-index optical buffer 

2 layer on the surface thereof, the optical buffer layer leaving exposed at least a 

3 portion of a surface of the heat sink. 

4 1 0. The apparatus of Claim 1 , wherein the substrate comprises silicon with a silica 

5 optical buffer layer on the surface thereof, and the heat sink material comprises 

6 diamond. 

7 1 1 . The apparatus of Claim 1 , wherein the substrate comprises silicon, and the heat 

8 sink material comprises diamond. 

9 1 2. The apparatus of Claim 1 , further comprising a heat-generating device mounted on 

10 the substrate in thermal contact with the heat sink. 

11 13. A method comprising: 

12 forming a recessed area on a surface of a substrate; and 

13 depositing heat sink material within the recessed area to form a heat sink, the heat 

14 sink material having thermal conductivity greater than thermal conductivity of 

15 the substrate. 

16 14. The method of Claim 13, further comprising polishing the substrate and the heat 

17 sink material to form a substantially flat surface of the heat sink substantially flush 

18 with the surface of the substrate. 

19 15. The method of Claim 13, further comprising forming a planar optical waveguide on 

20 the substrate positioned so as to enable optical coupling between the planar optical 

21 waveguide and an optical device mounted on the substrate in thermal contact with 

22 the heat sink. 

23 1 6. The method of Claim 1 5, further comprising mounting an optical device on the 

24 substrate in thermal contact with the heat sink and positioned for optical coupling 

25 with the planar optical waveguide. 

26 1 7. The method of Claim 1 3, further comprising forming an electrical contact on the 

27 substrate positioned so as to establish electrical continuity with an optical device 

28 mounted on the substrate in thermal contact with the heat sink. 
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18. The method of Claim 17. further cx)mprising mounting an optical device on the 
substrate in thermal contact with the heat sink and with electrical continuity 



3 established with the electrical contact. 
4 



19. The method of Claim 17, wherein the electrical contact is positioned on at least a 
portion of the heat sink surface so as to provide thermal contact between the heat 

6 sink and an optical device mounted on the substrate so as to establish electrical 
continuity with the electrical contact. 

20. The apparatus of Claim 19. further comprising applying solder for establishing 
9 electrical continuity between the optical device and the electrical contact and 

10 thermal contact between the optical device and the heat sink. 

21. The method of Claim 13. further comprising forming a low-index optical buffer layer 
on the surface of the substrate, while leaving exposed at least a portion of a surface 

13 of the heat sink. 



22. The method of Claim 13, wherein the substrate comprises silicon with a silica 
optical buffer layer on the surface thereof, and the heat sink material comprises 



16 diamond. 

17 23. The method of Claim 13, wherein the substrate comprises silicon, and the heat sink 

8 material comprises diamond. 

9 24. The method of Claim 1 3. further comprising mounting a heat-generating device onto 

0 the substrate in thermal contact with the heat sink. 

1 25. A method comprising: 

2 forming multiple recessed areas on a surface of a substrate wafer; and 
depositing heat sink material within the multiple recessed areas to form multiple 

con-esponding heat sinks, the heat sink material having thermal conductivity 
5 greater than thermal conductivity of the substrate wafer. 

5 26. The method of Claim 25, further comprising polishing the substrate wafer and the 
heat sink material to form substantially flat surfaces of the multiple heat sinks 
substantially flush with the surface of the substrate wafer. 
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1 27. The method of Claim 25. further comprising forming multiple planar optical 

2 waveguides on the substrate wafer positioned so as to enable optical coupling 

3 between one of the planar optical waveguides and an optical device mounted on the 

4 substrate wafer in thermal contact with a corresponding one of the multiple heat 

5 sinks. 

6 28. The method of Claim 27, further comprising: 

7 dividing the substrate wafer into multiple substrate segments, each having at least 

8 one con-esponding heat sink and at least one con-esponding planar waveguide; 

9 and 

10 mounting corresponding optical devices on the substrate segments in thermal 

1 1 contact with the corresponding heat sink and positioned for optical coupling with 

12 the corresponding planar optical waveguide. 

13 29. The method of Claim 25, further comprising forming multiple electrical contacts on 

14 the substrate wafer positioned so as to establish electrical continuity with an optical 

1 5 device mounted on the substrate wafer In thermal contact with a corresponding one 

1 6 of the multiple heat sinks. 

17 30. The method of Claim 29, further comprising: 

18 dividing the substrate wafer Into multiple substrate segments, each having at least 

1 9 one corresponding heat sink and at least one con-esponding electrical contact; 

20 and 

21 mounting con-esponding optical devices on the substrate segments in thermal 

22 contact with the corresponding heat sink and with electrical continuity 

23 established with the corresponding electrical contact. 

24 31 . The method of Claim 29, wherein the multiple electrical contacts are positioned on 

25 at least a portion of surfaces of the corresponding heat sinks so as to provide 

26 thermal contact between the con-esponding heat sink and an optical device 

27 mounted on the substrate wafer so as to establish electrical continuity with the 

28 con-esponding electrical contact. 
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1 32. The apparatus of Claim 31 . further comprising applying solder for establishing 

2 electrical continuity between optical devices and the multiple electrical contacts and 

3 thermal contact between optical devices and the multiple heat sinks. 

4 33. The method of Claim 25. further comprising forming a low-index optical buffer layer 

5 on the surface of the substrate wafer, while leaving exposed at least portions of 

6 surfaces of the multiple heat sinks. 

34. The method of Claim 25. wherein the substrate wafer comprises silicon with a silica 
optical buffer layer on the surface thereof, and the heat sink material comprises 
9 diamond. 



7 
8 



10 35. The method of Claim 25. wherein the substrate wafer comprises silicon, and the 

1 1 heat sink material comprises diamond. 
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